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ABSTRACT
Topics in Exercise Science and Kinesiology Volume 2: Issue 1, Article 9, 2021. Heavier facemask

reinforcement has been shown to impair reaction time. While overbuilt facemasks are illegal for gameplay at all
levels of competition, empirical rationale for this has not be realized and it is unknown if overbuilt facemasks are
worse for peripheral vision than permitted ones. Thus, the purpose of this study was to investigate the effects of
wearing an overbuilt facemask versus game permitted facemasks on peripheral visuomotor ability in collegiate
football players. Male NCAA Division I football players (n=18) completed a 60-second peripheral visuomotor test
on a Dynavision D2 visuomotor board under the following conditions: 1) Baseline (No helmet), 2) Helmet + Light
reinforced facemask, 3) Helmet + Medium reinforced facemask, 4) Helmet + Heavy reinforced facemask, 5) Helmet
+ Overbuilt facemask. Overall peripheral reaction time (PRT) and PRT separated by rings and quadrants were
analyzed. Points of application: 1) Regardless of facemask reinforcement, wearing protective headgear impairs
peripheral reaction time (PRT) compared to baseline with no helmet. Addition of an overbuilt facemask
significantly impairs PRT compared to NCAA permitted facemasks. 2) An overbuilt facemask exhibits the most
visuomotor decrement in far peripheral visual fields. 3) Decreases in visuomotor ability while wearing an overbuilt
facemask are most pronounced in lower regions of visual field.
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INTRODUCTION
Since its birth in the late 1890’s, the protective football headgear has evolved from a minimalist
design of soft leather to heavy polycarbonate shells with heavy gauged steel facemasks [1]. For
game play, headgear eventually became mandatory at all levels in efforts to decrease injury of
the neck, face, and head, although the efficacy of this is debated [2]. Designs in football headgear
are consistently evolving in efforts to improve safety. But while increasing the fortification of
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headgear has been implicated in lowering impact forces on the head [3, 4], it may also create
visual field impairments which also poses concerns for impaired performance and safety.
Indeed, even early football helmets were shown to alter visual fields in football players [5].
However, less is known how modern headgear technology influences visual field and reactive
performance. Recent study from our lab has shown that wearing modern football protective
headgear can cause decrements in visuomotor ability, particularly in peripheral visual fields [6,
7]. Miller et al. showed that wearing a helmet with a facemask significantly impairs reaction
time to stimuli in peripheral visual fields compared to not wearing headgear entirely in Division
I National Collegiate Athletic Association (NCAA) football players [6]. While intriguing, this
investigation only used a single type of facemask and could not be translated to lighter or
heavier reinforced facemasks. Ballmann et al. conducted a follow-up study investigating the
effects of helmets equipped with light, medium, heavy, and extra heavy facemask reinforcement
on peripheral visuomotor ability in NCAA players [7]. While peripheral reaction time (PRT) was
impaired with all types of facemasks compared to no headgear, PRT was progressively worse
the heavier the facemask reinforcement. Furthermore, heavier facemask reinforcement resulted
in considerably worse PRT in far peripheral and inferior visual fields. Overbuilt facemasks,
which are facemasks with gratuitous reinforcement, were popularized in the 2010’s but were
deemed illegal for game play at all levels of competition by 2014 due to safety concerns. The
National Football League (NFL) has conducted independent safety investigations on overbuilt
facemasks but these findings has never been released to the public or published in an empirical
journal (See non-empirical sources). However, direct comparisons of overbuilt facemasks to
NCAA permitted facemasks have yet to be conducted. The NCAA has cited the banning of
overbuilt facemasks due to increased mass to the front of the helmet which may lead to the
lowering of the head possibly leading to more contacts with the crown of the helmet [8].
However, neither this nor any other rationale for banning of overbuilt facemasks have been
confirmed by any empirical research. While plausible, recent research from our lab on vision
impairments with heavier reinforced facemasks suggests that overbuilt facemasks may impair
player ability to react appropriately to visual stimuli as a possible safety concern. Reacting
appropriately to visual stimuli is important for player performance and safety but has not been
the subject of study on overbuilt facemasks. The purpose of this study was to investigate how a
helmet equipped with an overbuilt facemask influences peripheral visuomotor ability in
collegiate football players compared to NCAA permitted facemasks.
METHODS AND RESULTS
Using a crossover, counterbalanced study design, male NCAA Division I football players (n=
18, age= 21.3 yrs ± 1.3, height= 181.5 cm ± 7.1 , body mass= 95.0 kg ± 16.8, football competition
experience= 13.0 yrs ± 3.5) completed a single visit peripheral visuomotor tests while wearing
protective football headgear under the following conditions: 1) Baseline (no headgear; BL), 2)
Hemet + light reinforced facemask (HL), 3) Hemet + medium reinforced facemask (HM), 4)
Hemet + heavy reinforced facemask (HH), 5) Hemet + overbuilt reinforced facemask (HBO). To
be included, participants had to be concussion-free for six months prior, currently active on a
Division I NCAA football roster, and did not report any vision abnormalities [6, 7]. Prior to
testing, participants were asked to abstain from caffeine, nicotine, and alcohol for at least 12
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hours and vigorous activity for 24 hours prior. All participants underwent a vision screening
test administered by a single trained researcher using a Snellen eye chart to ensure normal visual
acuity. Methods were adapted as previously described by Ballmann et al. [7]. For the baseline
condition, no helmet or headgear was worn by the participants. For all headgear conditions, a
standardized helmet model (Vengeance Pro LTD, Schutt; Litchfield, IL, USA) was used with
facemasks with varying reinforcement as shown in [Equipment Utilized]. Categorization of
NCAA permitted facemask reinforcement was completed based off estimated face and neck
coverage as previously described [7]. For each condition, participants completed a single 60second peripheral visuomotor test using a Dynavision D2 visuomotor board (Axtion
Technology, Palatine, IL, USA) as shown in [Equipment Utilized]. The D2 visuomotor board
contains 64 LED light buttons which form 5 concentric rings and can be further divided into
upper and lower quadrants. The height of the board was adjusted for each individual to where
the t-scope (screen) was at eye level and participants could comfortably reach the top of the fifth
ring. Our lab has previously shown approximate angles of vision for most individuals for each
ring to be: ~40 degrees (ring 3; inner mid-peripheral vision), ~55 degrees (ring 4; outer midperipheral), and ~65 degrees (ring 5; far peripheral vision) [7]. For each condition, a 60-second
peripheral visuomotor test was administered with the following settings: proactive A mode,
randomized, t-scope off, and activation of only outer rings (i.e., rings 3, 4, 5). Participants rested
for 5 minutes between each test and facemasks were exchanged during this time if applicable.
PRT was recorded and analyzed as overall PRT or by rings/quadrants. All data were analyzed
using Jamovi software (Version 0.9). A repeated measures ANOVA was used to analyze all data
with Tukey post-hoc analysis for significant main effects. Estimates of effect size for main effects
were calculated via eta-squared (η2). All data are presented as mean ± standard deviation (SD).
Significance was set a p≤ 0.05 a priori.
PRACTICAL APPLICATIONS
Game-permitted facemasks worsen peripheral reaction time (PRT) however the addition of an overbuilt
facemask exacerbates impairments further.
Overall average PRT (s) over the 60-second visuomotor test is shown in [Figure 1]. There was a
significant main effect for condition (p< 0.001; η2= 0.323). BL average PRT was significantly
faster than HL (p= 0.015), HM (p= 0.001), HH (p< 0.001), and HOB (p< 0.001). Furthermore, HH
(p= 0.048) and HOB (p< 0.001) average PRT was significantly slower than HL. The HOB
condition also resulted in slower average PRT compared to HM (p< 0.001) and HH (p< 0.001).
This supports previous findings that increasing reinforcement in game-permitted facemasks
results in poorer ability to reaction to peripheral visual stimuli [7]. This further suggests that
positions and players which are the most reliant on peripheral reactive ability may benefit from
lighter facemask reinforcement. However, the overbuilt facemask resulted in exacerbation of
impaired PRT beyond that of all game-permitted facemasks. These findings are likely due to
even further overall restriction of visual field compared to legal facemasks. Restriction of
peripheral visual field has been shown to impair both execution and planning of movement [9].
Current findings support the notion that overbuilt facemasks during game play may pose a
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safety risk by decreasing player ability to react to stimuli outside of their central line of vision
beyond that of permitted facemasks. From a practical standpoint, overbuilt facemasks could
possibly increase the likelihood of injury and present data bolster the justification of the banning
of such facemask types.

Figure 1. Overall average PRT (s) for baseline (BL), helmet + light facemask reinforcement (HL), helmet + medium
facemask reinforcement (HM), helmet + heavy facemask reinforcement (HH), helmet + overbuilt facemask
reinforcement (HOB). Data are presented as mean ± SD. * indicates significantly different from BL (p< 0.05). #
indicates significantly different from HL (p< 0.05). † indicates significantly different from HM (p< 0.05). $ indicates
significantly different from HH (p< 0.05).

Wearing an overbuilt facemask exhibits the most visuomotor decrement in far peripheral visual fields.
Average PRT (s) separated by ring is shown in [Figure 2]. A 3 x 5 (ring x condition) ANOVA
revealed a significant main effect for both condition (p< 0.001; η2= 0.079) and ring (p< 0.001; η2=
0.375). Furthermore, there was an interaction for ring x condition (p= 0.002; η2= 0.013).
Specifically, PRT in ring 3 was significantly faster than both ring 4 (p< 0.001) and ring 5 (p<
0.001). PRT in ring 4 was also faster than ring 5 (p< 0.001). In ring 3, PRT was significantly slower
in the HOB condition compared to BL (p= 0.040). For ring 4, PRT was significantly slower during
the HH (p=0.048) and HOB (p= 0.032) conditions compared to corresponding ring BL. In ring 5,
PRT was significantly slower during the HH (p=0.048) and HOB (p= 0.013) conditions compared
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to corresponding ring BL. Furthermore, HOB resulted in poorer reaction time compared to HL
(p= 0.002) and HM (p= 0.13). These findings suggest that while PRT worsens in outer visual
areas regardless of condition, heavier reinforced facemasks worsen this in further peripheral
areas. This has also been shown previously in game-permitted facemasks [7]. However,
decrements with the overbuilt facemask were most apparent in ring 5 suggesting inability to
react quickly to stimuli in the far peripheral visual area compared to both BL, light, and medium
game-permitted facemasks. Forming appropriate responses to visual stimuli has been linked to
lower football injury and concussion incidence [10]. Therefore, wearing overbuilt facemasks
during gameplay may hinder a player’s ability to react to their surroundings and increase the
likelihood of injury. This is especially concerning in the most outer areas of peripheral vision
where players may not be able to see or prepare for collisions. Whether or not this translates
directly to the field is unknown at this time, but we believe current data show enough
impairment for concern and continued illegality of overbuilt facemasks during competition.

Figure 2. Average PRT (s) by ring for baseline (BL), helmet + light facemask reinforcement (HL), helmet + medium
facemask reinforcement (HM), helmet + heavy facemask reinforcement (HH), helmet + overbuilt facemask
reinforcement (HOB). Data are presented as mean ± SD. * indicates significantly different from BL of corresponding
ring (p< 0.05). # indicates significantly different from HL (p< 0.05). † indicates significantly different from HM (p<
0.05). ‡ indicates significantly different from ring 3 (p< 0.05). ¥ indicates significantly different from ring 4 (p< 0.05).

Decreases in visuomotor ability while wearing an overbuilt facemask are most pronounced in lower
regions of visual field.
Average PRT (s) separated by upper and lower quadrants is shown in [Figure 3]. There was a
main effect for condition (p< 0.001; η2 = 0.252) but not for quadrant (p= 0.062; η2 = 0.016). A
significant interaction for condition x quadrant existed (p= 0.011; η2 = 0.020). In the lower
quadrant, PRT was slower in the HOB condition versus BL (p< 0.001), HL (p< 0.001), HM (p<
0.001), and HH (p< 0.001). For the upper quadrant, both HH (p< 0.001) and HOB (p< 0.001)
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conditions resulted in slower reaction time compared to BL. Also, HOB resulted in slower PRT
compared to HL (p=0.027) and HM (p=0.049). Practical implications of these findings may apply
most to offensive/defensive lineman or other positions which are most frequently blocked/hit
below the waist. Positions which endure the most hits below the waist are at highest risk for
knee injury [11]. While speculative, it is plausible that wearing an overbuilt facemask would
impair the ability to see hits below the waist more than other game-permitted facemasks and
may increase the risk for injury. However, there are many other factors which contribute to
injury during game-play that cannot be accounted for currently and since overbuilt facemasks
are illegal during play, real-world study of this topic may prove difficult. Despite this, future
study is still warranted to determine if heavier reinforced facemasks may result in higher
incidence of injury in order to continue to improve player safety and performance.

Figure 3. Average PRT (s) by ring for baseline (BL), helmet + light facemask reinforcement (HL), helmet + medium
facemask reinforcement (HM), helmet + heavy facemask reinforcement (HH), helmet + overbuilt facemask
reinforcement (HOB). Data are presented as mean ± SD. * indicates significantly different from BL of corresponding
quadrant (p< 0.05). + indicates significantly different from HOB of corresponding quadrant (p< 0.05). # indicates
significantly different from HL (p< 0.05). † indicates significantly different from HM (p< 0.05).
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EQUIPMENT UTILIZED

(From left to right): Schutt Vengeance Pro LTD Helmet, Light reinforced facemask (V-ROPODW-TRAD), Medium reinforced facemask (V-ROPO-TRAD), Heavy reinforced facemask (VR
JOP DW TRAD), Overbuilt facemask (Big Grill 2.0) (Schutt; Litchfield, IL, USA)
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Dynavision D2 Visuomotor Board (Axtion Technology, Palatine, IL, USA)
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